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流の周期数と，1 次不安定性と 2 次不安定性の線形解析で得られる周期数の比較を行い，シアー
流と帯状流が生成されるメカニズムを探求した．非線形シミュレーションは，既存の２種類(CPU
と GPU)のコードを用いて行った．1 次不安定性の解析には解析的な表式を用い，2 次不安定性の
線形解析では LAPACKを用いた固有値問題コードを開発し，数値計算を行った． 









とも言え，3 次的な不安定性が新しく起こったか，もしくは 2 次不安定性でおいた波動解の条件
が足りなかったとも推測できる． 
そして，HW モデルにおける 2 次不安定性は，シアー流ができた後に起こる不安定性であるが，
それに似たものに Kelvin-Helmholtz(KH)不安定性がある．KH 不安定性にはシアー流の波数 ks
と，そのあとにできた帯状流の波数 kzとの間に 0.6ks ≈ kzという関係がある．2 次不安定性の線
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v = 0 (9)
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+ 0vg = 0 (12)
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+ !civ?  z^ (18)
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n = n0(x) exp(e=Te) (22)
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???? : ~f = f   hfi: (32)




? 1: ???? (sec)
????? ????? CPU GPU
400,000 256 256 8,400 356
1000,000 256 256 19,440 864
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? n????
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???????? ~  ~n? 0?????????????????? 12??
~  ~n???????????? 0.65???????????????????
????????????????????????????????? 12???
??? 0??????????? 0?????? 3? = 0:1?????????
??????????????? 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????? 14?15??????(66)?(67)? ????????????????
?  = 1????????????? = 0????????????????
?????? 7?????????????????HM???????????
????????????????????????????
??????????? (~  ~n)?????? (  n)??????????
??????????????????????????? ? n????? 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? 16:  = 10???? ave   nave? ???
? 2:  = 0:1??????????????????????????
1????? 2????? ??
  ??? ??? ??? ??? ??? ???
1:0 10 3 0.1 3 7:78 10 3 2 0.06 2 0.06
1:0 10 2 0.1 5 1:38 10 2 3 0.15 3 0.16
0.1 0.1 9 1:06 10 2 6 0.46 5 0.50
0.4 0.1 9 3:58 10 3 6 0.38 5 0.51
1 0.1 9 1:47 10 3 6 0.32 6 0.53
10 0.1 9 1:47 10 4 6 0.26 6 0.59
100 0.1 9 1:47 10 5 6 0.26 7 0.61
500 0.1 9 2:95 10 6 6 0.26 7 0.61
1000 0.1 9 1:47 10 6 6 0.26 7 0.61
20
? 3:  = 1??????????????????????????
1????? 2????? ??
  ??? ??? ??? ??? ??? ???
1:0 10 5 1 1 5:54 10 3 1 4:58 10 3 1 1:53 10 3
1:0 10 4 1 1 1:60 10 2 1 1:26 10 2 1 1:07 10 2
1:0 10 3 1 1 3:72 10 2 1 2:71 10 2 1 2:71 10 2
1:0 10 2 1 3 7:78 10 2 2 6:61 10 2 2 8:66 10 2
0.1 1 5 0.13 4 0.16 4 0.20
0.2 1 6 0.14 5 0.20 4 0.29
0.4 1 7 0.14 5 0.24 5 0.37
0.6 1 8 0.13 6 0.30 5 0.46
0.8 1 8 0.11 6 0.28 5 0.45
1 1 9 0.10 7 0.36 6 0.56
10 1 9 1:47 10 2 7 0.19 7 0.53
20 1 9 7:37 10 3 7 0.18 7 0.54
30 1 9 4:92 10 3 5 0.17 7 0.54
40 1 9 3:69 10 3 5 0.17 7 0.54
50 1 9 2:95 10 3 5 0.17 7 0.54
60 1 9 2:46 10 3 5 0.17 7 0.54
70 1 9 2:11 10 3 5 0.17 7 0.54
80 1 9 1:84 10 3 5 0.17 7 0.54
90 1 9 1:64 10 3 5 0.17 7 0.54
100 1 9 1:47 10 3 5 0.17 7 0.54
120 1 9 1:23 10 3 5 0.17 7 0.54
140 1 9 1:05 10 3 5 0.17 7 0.54
160 1 9 9:23 10 4 5 0.17 7 0.54
180 1 9 8:20 10 4 5 0.17 7 0.54
200 1 9 7:38 10 4 5 0.17 7 0.54
300 1 9 4:92 10 4 5 0.17 7 0.54
400 1 9 3:69 10 4 5 0.17 7 0.54
500 1 9 2:95 10 4 5 0.17 7 0.54
1000 1 9 1:47 10 4 5 0.17 7 0.54
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? 4:  = 10??????????????????????????
1????? 2????? ??
  ??? ??? ??? ??? ??? ???
1:0 10 5 10 1 1:80 10 2 1 1:41 10 2 1 1:12 10 2
1:0 10 4 10 1 5:54 10 2 1 3:28 10 2 1 3:30 10 2
1:0 10 3 10 1 0.16 1 0.11 1 0.11
1:0 10 2 10 1 0.37 1 0.31 1 0.31
0.1 10 3 0.77 1 0.74 1 0.74
0.2 10 3 0.95 1 0.92 1 0.92
0.4 10 4 1.14 1 1.12 1 1.12
0.6 10 5 1.25 1 1.23 1 1.23
0.8 10 5 1.33 1 1.31 1 1.31
1 10 5 1.38 1 1.36 1 1.36
10 10 9 1.06 1 1.05 1 1.05
20 10 9 0.66 1 0.65 1 0.65
30 10 9 0.46 3 0.47 3 0.47
40 10 9 0.35 3 0.40 3 0.40
50 10 9 0.28 3 0.35 3 0.35
60 10 9 0.24 5 0.32 5 0.32
70 10 9 0.20 5 0.30 5 0.30
80 10 9 0.18 5 0.29 5 0.29
90 10 9 0.16 5 0.28 5 0.28
100 10 9 0.14 5 0.27 5 0.27
120 10 9 0.12 5 0.26 5 0.26
140 10 9 0.10 5 0.25 5 0.25
160 10 9 9:21 10 2 5 0.24 5 0.24
180 10 9 8:19 10 2 5 0.23 5 0.23
200 10 9 7:37 10 2 5 0.23 5 0.23
300 10 9 4:92 10 2 5 0.22 5 0.22
400 10 9 3:69 10 2 5 0.21 5 0.21
500 10 9 2:95 10 2 5 0.21 5 0.21
1000 10 9 1:47 10 2 5 0.20 5 0.20
22
? 5:  = 100??????????????????????????
1????? 2????? ??
  ??? ??? ??? ??? ??? ???
0.00001 100 1 5:75 10 2 1 3:35 10 2 1 3:36 10 2
0.0001 100 1 0.18 1 0.12 1 0.12
0.001 100 1 0.55 1 0.39 1 0.39
0.01 100 1 1.60 1 1.17 1 1.17
0.1 100 1 3.72 1 3.17 1 3.17
0.2 100 2 4.62 1 4.22 1 4.22
0.4 100 2 5.92 1 5.45 1 5.45
0.6 100 2 6.70 1 6.22 1 6.22
0.8 100 2 7.22 1 6.89 1 6.89
1 100 3 7.78 1 7.46 1 7.46
10 100 5 13.86 1 13.63 1 13.63
20 100 6 14.91 1 14.71 1 14.71
30 100 7 14.92 1 14.74 1 14.74
40 100 7 14.45 1 14.28 1 14.28
50 100 8 13.90 1 13.73 1 13.73
60 100 8 13.24 1 13.07 1 13.07
70 100 8 12.55 1 12.39 1 12.39
80 100 8 11.87 1 11.71 1 11.71
90 100 9 11.25 1 11.10 1 11.10
100 100 9 10.67 1 10.52 1 10.52
120 100 9 9.61 1 9.47 1 9.47
140 100 9 8.69 1 8.56 1 8.56
160 100 9 7.90 1 7.78 1 7.78
180 100 9 7.22 1 7.12 1 7.12
200 100 9 6.64 1 6.54 1 6.54
300 100 9 4.68 1 4.60 1 4.60
400 100 9 3.58 1 3.52 1 3.52
500 100 9 2.89 1 2.85 1 2.85
1000 100 9 1.47 1 1.44 1 1.44
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? 6:  = 500??????????????????????????
1????? 2????? ??
  ??? ??? ??? ??? ??? ???
1 500 2 23.13 1 21.11 1 21.11
100 500 6 74.58 1 73.58 1 73.58
500 500 9 53.36 1 52.64 1 52.64
1000 500 9 33.23 1 32.72 1 32.72
? 7:  = 1000??????????????????????????
1????? 2????? ??
  ??? ??? ??? ??? ??? ???
1 1000 1 37.28 1 31.73 1 31.73
100 1000 5 138.61 1 136.34 1 136.34
500 1000 8 139.02 1 137.33 1 137.33















?????????????  ??????????????? 18???????
???????????????? ????????????????????
??? 19?????? 1??????????????????? py?????
???? 18?19??????????????????????????????
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? 17: ??????????? (???)???????? (px = kx=k)????
??? ?????
??????????????????????????????? = 40;  = 1
????????????? 20? = 40? = 1????????????? ?
????????????????????????????? py = 8? py = 9
??????????????? 21?????????????????????
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? 21:  = 40;  = 1???? 1????
??????????
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? 23:  = 20;  = 10????????
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? 26 ????????????????????????????? px???
??????????????Right??????Wrong???????????
??  < ??? (? 26?????)?????????????????????
  ?????????????????? ???????????????
?????????????????????????????????? ??
?????? (16)????????????????????????1????
????????????????2?????????? 4.1????? 2? n2
????????????? ( > )???????????????????
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? 28: HW???? 2??????????????????? (????????
???)?
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? 8: ???????????????????? px?py???
???? (py) ??? (px)
  ??? ?? ??? ?? ?? (??)
0.8 1 8 8 5 6 5
1 1 9 9 3 7 6
10 1 9 9 3 7 7
20 1 9 9 2 7 7
40 1 8 9 1 5 7
1 10 5 5 1 1 1
10 10 9 9 5 1 1
20 10 9 9 1 1 1
30 10 9 9 2 3 3
40 10 9 9 3 3 3
50 10 9 9 3 3 3
60 10 9 9 4 5 5
70 10 9 9 2 5 5
80 10 9 9 3 5 5
90 10 9 9 2 5 5
100 10 9 9 5 5 5
140 10 9 9 2 5 5
180 10 9 9 3 5 5
300 10 9 9 1 5 5
400 10 9 9 1 5 5
500 10 9 9 1 5 5
600 10 9 9 1 5 5
1000 10 9 9 1 5 5
1 100 3 3 1 1 1
10 100 5 5 1 1 1
100 100 9 9 5 1 1
1000 100 9 9 2 1 1
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HW??? (27)????, = 0?D = 0???
@
@t
+ f; g = 0 (70)
?????????????????????????????????????





+ f; g = 0 (71)
???? =  r2????KH??????????????????????
?? ^ sin(kyy)?^ sin(kyy)?????????
 = ^ sin(kyy) + (x; y; t) (72)
(x; y) = ce
i(kx+ky)+t (73)
 = ^ sin(kyy) + (x; y; t) (74)
(x; y) = ce
i(kx+ky)+t (75)
????(72)?(74)? (71)?????(x; y)?(x; y)? 2??????????
?????????????????KH?????
( + ikxv1x)^ = ikxv
00
1x^ (76)












(76)??  =    ikxky^ cos(kyy)?????????
 + ikxky ^ cos(kyy) = 0 (78)
???????r2 = ( @2
@y2















????????????????????????????????? k2x  0?
















?????????? (81)? kx = 0???????????????????
????? y????????????ky = 2:0?? kx???????????





?????????????? Lx; Ly = 2????
A.3.1 HW??????????????????KH??????????
??











































































????????? vr(n)  vr(n + 1)  i??????????????????
????????????????????????? vr(n+1)????????
???
???? 32?????HWvt?????? 0.975??? 33?????HWvt??
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